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Abstract 
Objective: To approbate the complex approach for assessment of second molar mesialization outcomes with 
the use of orthodontic mini-implants. Material and Methods: The sample consisted of 62 patients, divided 
into study (n=32) and control group (n=30). Mesialization procedure in the study group was conducted 
with the use of braces system and orthodontic mini-implants as additional anchorage devices, while in 
control group mesialization was provided only with the use of the brace system. Dynamic registration of 
bone level changes and the entire range of tooth movement were carried out on digital orthopantomograms 
obtained with the use of Planmeca ProMax 2D. Results: Findings of orthopantomographic (OPG) analysis 
have shown that cases of second molar mesialization with the use of mini-implants as temporary anchorage 
characterized with more stable conditions of bone levels around displaced teeth compare to cases, where 
mesialization was provided only with the use of braces systems without any additional anchorage. The 
terms of treatment in the study group with the use of dental mini-implants as the anchorage was reduced by 
8.8 ± 0.12 months compared to the control group (p<0.05). Conclusion: The use of orthodontic mini-
implants as anchorage constructions during the mesialization of the mandibular second molars contributes 
to the reduction of treatment duration and support the more prognostic movement of teeth, that does not 
provoke significant pathological changes in the levels of the surrounded alveolar ridge and minimize the 
risk of associated periodontal complication occurrence. 
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Introduction 
Mesialization of posterior teeth for edentulous space closing characterized by the different levels of 
clinical difficulty due to the initial conditions of bite abnormalities [1-3]. Realization of such procedures 
without using any additional anchorage outlined by possible non-prognostic undesired effects. Previous results 
obtained during in vivo and in vitro studies suggested that after tooth movement in the form of mesialization 
there is a chance of periodontal support loss, but except that adverse effect of mesialization procedure could be 
associated with the rotation of mesialized tooth, its extrusion and non-preferable changes in occlusal force 
distribution [4-9]. 
Mesialization procedure of molars with the use of anterior dentition or premolars as an anchorage was 
found to be associated with the middle line deviations, posterior displacement of surrounding soft tissue, and 
changes of visual profile [6,8,9]. Because of these problems, researches proposed a variety of methods not only 
for the treatment of such complications but also for their prevention during controlled orthodontic tooth 
movement. That is why argued mesialization procedure due to the results of previous studies in some cases 
should be provided by the model of rectangular archwires, which helps to control changes of torque, 
inclination, and rotation of teeth [5-7]. 
The use of orthodontic mini-implants also provides conditions for the guided tooth movement and 
traction of desired posterior jaw segments [10-12]. Previous authors informed a 91% success rate of 
temporary anchorage devices in the form of palatally installed implants [13-15]. Researches also noted that 
the stability of such anchorage by the cephalometric analysis is sometimes underestimated, which can be caused 
by the inaccurate identification of landmark points, while clinically under orthodontic load, these constructions 
remain stable in alveolar bone [14-16]. 
The use of direct anchorage in the form of installed mini-implant that is connected to the teeth 
requiring horizontal movement causes low levels of strains on anchor unit comparing to the results that were 
registered during indirect anchorage with one or two anchor teeth [17]. 
But there is still a deficiency of objective approach for the complex evaluation of mesialization 
procedure efficiency with the use of orthodontic implants considering the range of tooth movement, levels of 
alveolar bone reduction and changes in tooth inclination after obtaining desired tooth position at the 
mandibular alveolar ridge, which is characterized by narrow profile and more compact structure. 
That is why the objective of this study was to approbate the complex approach for assessment of 
molar mesialization outcomes with the use of orthodontic mini-implants by means of such parameters, as tooth 
inclination, bone levels changes, and duration of treatment. 
 
Material and Methods 
Study Design and Sample 
The primary stage of the research suggested the formation of study and control samples among 
orthodontic patients with bite abnormalities, considering the possibility of second molar mesialization as an 
acceptable and predictively effective treatment option. 
The criteria for further inclusion of patient into the study or control groups were as follows: 1) the 
presence of bite alteration symptoms at the time of the patient's referral to the clinic in the form of mandibular 
partial adentia at first molar region; 2) the absence of any associational somatopathy or adjoining 
contraindications that would restrain possibility for orthodontic treatment in the form of second molar 
mesialization; 3) the possibility for providing remaining second molar mesialization by means of its structural 
 Pesqui. Bras. Odontopediatria Clín. Integr. 2020; 20:e5262 
 
3 
integrity (including absence of any alteration of second molar’s structure that was suggested for mesialization); 
4) age of patients above 18 years (for possibility to provide personal agreement on proposed treatment); 5) 
agreement on providing second molar mesialization procedure after full consultation and signing form of 
informational consent. 
Exclusion criteria were as follows: 1) age of the patient below 18 years old; 2) compromised the 
structural condition of second molar requiring mesialization; 3) presence of somatopathologies that could 
restrict possibilities of effective orthodontic treatment; 4) personal refusal to take part in the proposed survey. 
A sample of 62 patients was formed, who were randomly distributed among the study group consisted of 32 
patients, and the control group consisted of 30 patients. 
 
Clinical Procedures 
Mesialization procedure in the study group was conducted with the use of brace system and 
orthodontic mini-implant (OMG, Ukraine) as an additional anchorage device, while in control group 
mesialization was provided only with the use of brace system [18-20]. The installation of mini-implant was 
carried due to the relevant guidelines considering the individual characteristics of each clinical situation [19]. 
Dynamic registration of bone level changes and absolute range of tooth movement was carried out on 
digital orthopantomograms, obtained for every patient before and after treatment with the use of Planmeca 
ProMax 2D scanner (Planmeca Oy, Helsinki, Finland) on the base of Orthodontic Dental Clinic and Uzhhorod 
National University (Uzhhorod, Ukraine) (Figure 1). 
 
 
Figure 1. Orthopantomogram of the patient after mini-implants installation. 
 
In order to enhance the objectification of the OPG results and standardize the original parameters of 
digital images during X-ray diagnostics, the doctor provided strict positioning of patients in accordance with 
all necessary anatomical guidelines. Received images were further calibrated in a horizontal plane drawn 
between the projections of mental foramen centers. 
Original algorithm of graphical analyses of OPG included next steps: 1) designation of the basic 
control points A (left) and B (right) in the centers of the visible projection of the right and left mental foramens 
respectively and drawing of AB line between them; 2) marking of point O as the midline of AB horizontal line; 
3) mapping straight tangent lines from point A or B to mesial and distal most coronal aspects of alveolar bone 
contacted with the second molar suggested for mesialization before the treatment, forming lines AM (mesial 
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right) and AD (distal right) or BM (mesial left) and BD (distal left); 4) registering absolute distances in 
millimeters from point A (or point B) to the mesial and distal part of the second molar; 5) mapping straight 
tangent lines from point O to mesial and distal most coronal aspects of alveolar bone contacted with the second 
molar suggested for mesialization before the treatment forming lines OD (distal) and OM (mesial) (mapping 
tangent line from points A or B and also from point O argumented by the discrepancies of OPG images and 
tryouts for their minimization); 6) registering absolute distances in millimeters from point O to the mesial of 
distal part of the second molar; 7) repeat steps 1-6 after the treatment; 8) calculate the length differences of 
each tangent line drawn from points A or B and from point O. 
Each measurement was repeated five times to find out the range of measuring variation and minimize 
the level of processing bias by finding mean value. The algorithm mentioned above was adapted from the 
original technique and dedicated to the dynamic registration of bone tissue changes after iatrogenic 
interventions (Figure 2) [21,22]. 
 
 
Figure 2. Visualization of the original graphical model for OPG-analysis (modification of such model 
described above was used during the study) [21,22]. 
 
Such an approach allows verifying the absolute range of bone level reduction around mesialized teeth 
during their movement. Graphical analysis of OPGs was carried out in GIMP 2.10 software (The GIMP 
Development Team) after their export from Planmeca Romexis Viewer [23]. 
 
 
Figure 3. Principle of estimation tooth inclination by Ursi technique [24] 
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Angulation of teeth was evaluated with the technique proposed previously, which envisaged the 
determination of tooth longitudinal axis inclination corresponding to the horizontal line drawn through the 
centers of the mental foramen on both sides of the mandible (Figure 3) [24]. The longitudinal axis of the tooth 
was determined by a line passing through the middle of the occlusal surface to the furcation point.  
Each patient was diagnosed for the magnitude of the required second molar mesialization on control 
and diagnostic cast models. 
 
Data Analysis 
To estimate the efficiency differences between study and control groups, the mean values of each 
evaluation criteria were used. Bivariate correlation between the range of desirable mesialization and 
parameters of final tooth position, angulation, and time of treatment was evaluated by correlation coefficient 
(Pearson’s r) and checked by statistical hypothesis testing [25-27]. Linear regression analysis was assigned for 
modeling the interaction between such dependent variables as inclination, range of movement and time of 
treatment and independent variables, such as age and gender. All statistical data processing was held in 
Microsoft Excel software (Microsoft Office 2016, Microsoft). 
 
Results 
The study group consisted of 32 individuals (18 female/56.3% and 14 male/43.7%) aged 18-25 years 
(23.15 ± 1.19 years). The control group included 30 patients (19 female/63.3% and 11 male/36.7%) aged 19-25 
years (23.07 ± 1.02 years). There was no association between gender and age (p>0.05). 
The study group included 22 (68.8%) patients with Angle’s I class of bite abnormalities, 9 (28.1%) 
patients with Angle’s II class of bite abnormalities and 1 (3.1%) patient with Angle III class of bite 
abnormalities. Control group consisted of 21 (70%), 8 (26.7%) and 1 (3.3%) patients of each Angle’s class 
respectively. In the study group, 21 (65.6%) patients had a one-sided edentulous defect in the area of the first 
permanent lower molar and 11 (34.4%) patients had a bilateral tooth row defect at the same region. Thus, in 
the study group, 43 mini-implants were installed and 43 permanent second molars were mesialized. In the 
control group, 20 (66.7%) patients had one-sided tooth row defect in the area of the first permanent lower 
molar and 10 (33.3%) patients had a bilateral defect in the same area. Thus, in the control group, 40 permanent 
second molars were mesialized just with the use of a brace system.  
Exact results of OPG-analysis before and after treatment are represented in Table 1. Absolute 
differences of the tangent lines length registered before and after treatment were greater in the control group 
compared to the study group, but a statistically significant difference between both groups was noted only for 
the ΔOM parameter (p<0.05). Such findings are showing that cases of second molar mesialization with the use 
of mini-implant as temporary anchorage characterized with the more stable condition of bone levels around 
displaced teeth compare to cases, where mesialization was provided only with the use of braces systems 
without any addition anchorage. 
During the analysis of tooth angulation among the patients of two groups the following results were 
obtained: the magnitude of the mesio-distal inclination of second molars requiring mesialization in the study 
group ranged 65.2-69.23° (mean value 66.48° ± 0.74°), and in control group ranged 56.72-69.81° (mean value 
66.33° ± 0.72°). 
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Table 1. Summary of referent lines lengths changes during OPG analysis. 
Groups Treatment OPG Analysis (mm ± mm) 
  АM/BM АD/BD OM OD 
Study Before 11.36 ± 0.34 12.28 ± 0.37 23.19 ± 0.69 25.09 ± 0.71 
 After 9.18 ± 0.46 9.93 ± 0.43 20.98 ± 1.07 22.68 ± 1.0 
 Difference ΔАM/BM 
2.17 ± 0.06 
ΔАD/BD 
2.34 ± 0.06 
ΔOM 
2.24 ± 0.09 
ΔOD 
2.43 ± 0.08 
Control Before 10.89 ± 0.34 11.41 ± 0.35 23.19 ± 0.81 23.36 ± 0.75 
 After 8.50 ± 0.22 8.79 ± 0.27 19.74 ± 0.66 20.42 ± 0.64 
 Difference ΔАM/BM 
2.59 ± 0.09 
ΔАD/BD 
2.62 ± 0.10 
ΔOM 
3.44 ± 0.18 
ΔOD 
2.98 ± 0.10 
АM/BM: Distances from points A and B (projections of mental foramen on the right and left) to mesial most coronal aspects of alveolar 
bone contacted with the molar suggested for mesialization; АD/BD: Distances from points A and B (projections of mental foramen on the 
right and left) to distal most coronal aspects of alveolar bone contacted with the molar suggested for mesialization; OM: Distance from 
point O (midpoint of the distance between points A and B) to mesial most coronal aspects of alveolar bone contacted with the molar 
suggested for mesialization; OD: Distance from point O (midpoint of the distance between points A and B) to distal most coronal aspects of 
alveolar bone contacted with the molar suggested for mesialization. 
 
As a result of the carried out corpus displacement of teeth using the mini-implant as an anchorage the 
final range of the inclination parameter among patients of study group at the end of the treatment was 69.54-
73.72° (mean value 71.82 ± 0.23°), while in the control group the same parameter ranged in 68.42-72.11° 
(mean value 71.49 ± 0.25°). Also among patients of control group a loss of mandibular incisor inclination was 
found in 5 (16.7%) patients, distal inclination of premolars was noted in 4 (13.3%) patients, distal rotation of 
premolars was registered in 2 (6.7%) patients and combination of several complications was found among 2 
(6.7%) patients. Such results could be categorized as complications of using natural dentition for anchorage 
during the procedure of molar mesialization. 
According to the results presented above, 93.7% (n=30) of the study group and 86.7% (n=26) of the 
control group achieved the successful treatment results. No statistically approved linear or curvilinear 
association were found between parameters of age or gender and facts of reached level of second molar 
mesialization or facts of registered complications during all period of treatment (p>0.05). 
The terms of complex treatment of dental patients with the need of molar mesialization differed 
among study and control group: in study group median duration of treatment time was 2.19 ± 0.05 years, 
while in the control group, this parameter was 2.92 ± 0.04 years. Thus, the terms of treatment in the study 
group with the use of dental mini-implants as the anchorage was reduced by 8.8 ± 0.12 months compared to 
the control group (p<0.05). 
 
Discussion 
In a previous study, orthodontic tooth movement in the form of mesialization was associated with the 
active bone remodeling, which was validated by electron-probe microanalysis and growing of strontium 
amount around shifted tooth [28]. Even though the research was provided on the rodent model, it has shown 
the total stability of mini-implant as an anchorage device and the most active tooth displacement during the 
first month of force applied. In terms of apical root resorption due to the results of the split-mouth study, space 
closure of the edentulous molars region through the mesialization treatment option could be considered as 
clinically safe [9]. The authors also mentioned the problem of deficiency for the objective method that can be 
used for further force selection and morphological changes evaluation during orthodontic tooth movement in 
the direction to mini-implant stable position. 
 Pesqui. Bras. Odontopediatria Clín. Integr. 2020; 20:e5262 
 
7 
During the research of orthodontic microimplants by the results of panoramic radiographs, the 
authors found out that the length parameter of the anchorage device had a statistically important influence on 
the value of orthodontic implant success [29]. Intrabone implant anchorage positioned more apically and with 
a lower level of angulation demonstrated the highest results of success. In our research, we positioned all mini-
implants between premolars with 90-degree angulation to the bone surface. Based on previously reported 
results [29], such an approach of implant positioning could be the explanation of the fact that none of the 
installed implants was lost. The age parameter has not played any statistical role in the success rate of used 
mini-implants (p>0.05). Nevertheless, in other researches, the higher success rate of orthodontic implants was 
associated with adult age compare to the data obtained among adolescents. 
The surface matching approach for quantification of mesialization molar procedure helped to identify 
an average of 6.3 ± 2.6 mm tooth movement during the provided study [30]. The approach described in this 
article is somewhat similar to the principle. Even though we have not used iterative closest point algorithm on 
digitized models, we proposed to employ referent control points in the area of the mental foramen and midline 
intersection compares to which we registered absolute changes of tooth position and bone level changes. 
A similar approach for the evaluation of bone changes was previously proposed [31]. The authors 
described the method of peri-implant bone changes registration by the geometrical model consisted of tangent 
lines that connected apex of the implant and the most coronal part of the peri-implant bone ridge. In this 
research, we proposed a method of tangent lines that connects mental foramen with distal and mesial sides of 
teeth and also the median line with the same coordinates. The use of double measuring systems based on two 
different concordant points (mental foramen and median point) helped to raise the objectivity of the proposed 
approach and provides a greater amount of numerical data for further statistical analysis.  
Orthopantomograms characterized by some level of image discrepancies that can be caused by 
positioning mistakes, operational errors and calibration lapses. All the above-mentioned factors disturb the 
accuracy of measurements on OPG-images, which also can be minimized through the appropriate 
interpretation of tangent line distances drawn from two different coordinate points to the same points of 
interest represented on the mesial and distal part of the tooth during dynamic mesialization process [32].  
The results of the theoretical analysis show that the automatic measurement of ORG-image size 
characterized by less variation in vertical magnification dimensions compares to horizontal [32]. That is why, 
in our study, we provide a calculation of the bone level changes based on line lengths drawn from mental 
foramen point to molar of interest. Such an approach reduces the horizontal component of the analytical model 
and highlights its vertical part, which some authors have attributed to less distortion. Such geometrical 
argumentation for the graphical analysis of OPG-results already has been described in different modalities. 
Nevertheless, conventional analysis of OPG in orthodontic practice remains widely used, while in many cases, 
such kind of diagnostics among young patients was prescribed without appropriate following of guidelines 
[33]. 
Proposed algorithm of OPG-analysis helped to register decrease in the absolute length of tangent 
lines mapped from the projection of mental foramen to the medial (ΔАM/BM) and the distal (ΔАD/BD) sides 
of the mesialized molar in both study and control groups, indicating directed medial displacement of the teeth 
that have been studied. When comparing the ratio of lengths of tangent lines from the projection of mental 
foramen to the medial and distal sides of the molars before and after treatment with each other (ΔOM and ΔOD), the obtained data indicated that the processes of bone remodeling during orthodontic treatment occurs 
synchronously within both the medial and the distal side of the moving tooth. Similar observations were found 
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during the analysis of tangent lines drawn from the midpoint O between mental foramen and distal/medial 
side of mesialized teeth, which could be served as indirect evidence of bone remodeling processes in the area of 
force application and tooth displacement. 
During statistical analysis of the data it was noted that the initial value of molar inclination before 
treatment was dependent on the magnitude of the tooth row defect (p<0.05): the more distal the tooth that 
needed mesialization was, the sharper was the angle formed by the axis of the tooth and the intermental 
horizontal line. However, it should be noted that the magnitude of this angle is also depended on the starting 
position of the tooth in the jaw, which in turn could vary from several parameters, such as the anatomical 
features of the tooth row or magnitude of the graphics distortion in the distal parts of the orthopantomogram. 
The changes in the mesiodistal angle of the tooth inclination relative to the horizontal line drawn 
between mental foramen indicate that the use of orthodontic mini-implants contributes to a more prognostic 
corpus displacement of the teeth, providing the formation of such inclination, which is more closely related to 
the referent [24]. 
In the control group, where molar mesialization was provided by using natural dentition as an 
anchorage, unwanted movements of teeth were registered, which arguments the need for additional 
orthodontic correction of their position and provokes time elongation of orthodontic treatment. 
The integral indicator of the quality of treatment must take into account the timing of rehabilitation, 
since the use of the mini-implants as a promising method of orthodontic correction, can reduce the total time 
needed for iatrogenic interventions [5-7]. On the other hand, the terms of treatment, together with the 
parameters of functional and aesthetic restorations, affect the patient's satisfaction criterion due to the chosen 
appropriate rehabilitation algorithm. In our opinion, the reduction in terms of treatment in the study group 
was reached due to the fact of more controlled corpus tooth displacement without any undesirable movements, 
such as inappropriate inclination, rotation or loss of periodontal support. This helps to resume that mini-
implants installed in the alveolar ridge provide a reliable skeletal resistance and minimize the risk of possible 
undesirable tooth displacement. 
In the presented study, we propose a new integral approach for the efficiency evaluation of different 
orthodontic treatment modalities that include tooth movement phase. The complex algorithm includes 
estimation of absolute distance changes that represent the range of movement in millimeters, assessment of 
tooth inclination and changes of treatment duration. The further approach will be dedicated to the additional 
evaluation of bone mineral density changes during the mesialization of the tooth in the direction to installed 
mini-implant. Previous studies have described methods of bone density measuring based on the Hounsfield 
scale that can be calculated on CBCT results. This kind of approach remains disputable and has been modified 
with a variety of methods. One of the trends in bone changes evaluation based on the use of the so-called 
superimposition principle that already has been described in the literature [34-38]. 
Limitations of this study are related to a relatively small study sample, but the design of the study 
primary was considered as a pilot to check the possibility for the implementation of the proposed OPG-analysis 
algorithm in orthodontic practice during tooth mesialization procedure. 
The obtained results indicate that the use of orthodontic mini-implants as anchorage constructions 
during the mesialization of the mandibular molars contributes to a reduction in the general terms of treatment 
and support more prognostic movement that does not provoke significant pathological changes in the level of 
the alveolar crest, and minimize the risk of concomitant periodontal complications occurrence during the 
implementation of the rehabilitation algorithm. 
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Conclusion 
A proposed comprehensive approach for the evaluation of the orthodontic treatment results by means 
of second molar mesialization parameters allows providing simultaneous analysis of bone level changes, tooth 
inclination values and overall duration of treatment. Considering limitations of provided study, obtained 
results indicate that the use of orthodontic mini-implants as anchorage constructions during the mesialization 
of the mandibular second molars contributes to the reduction of treatment duration and support more 
prognostic movement of teeth, that does not provoke significant pathological changes in the levels of the 
surrounded alveolar ridge and minimize the risk of associated periodontal complication occurrence. 
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